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Introduction
In this paper we discuss the design of a visual analytics tool developed to explore subjective opinions of 900 geotagged photographs in central London. This particular task represents one instance of a more general process of categorical social survey analysis. While using statistical methods are commonly applied to find trends in such data, we make the case here for using visual analytical methods for both data processing and analysis. An approach that is well suited to handling imperfect and subjective responses in social survey data where it is not clear at the outset what types of patterns and structure should be identified. Central to our approach is in the concept of a survey response glyph, a glyph that em- 2 
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bodies all responses related to an individual subject or a participant. We evaluate the design by applying it to two additional datasets and propose that the insights we have gleaned as well as the techniques we have developed have wider applicability in survey response analysis.
Background and Related Work
The techniques of survey data representation differ depending on the purpose of the visualization, the nature of the data and the target audience. Commonly the results of the categorical surveys are aggregated into tables [Sap99] and are depicted in a tabular form. Despite the simplicity of the approach it is rather ineffective for exploring the relationships in the samples and extracting key trends. To facilitate comparison between values belonging to different categories, conditional formatting [Mic10, AS05] , table-lens [RC94] or other related techniques have been applied. While tables are highly informative and precise, they are not very suitable for exploring multidimensional survey datasets or unaggregated data [Sap99] .
The simplest and probably the most widely applied techniques of graphical representation of categorical survey data are bar charts and pie charts [Off11, O'B13] . While being familiar to a wide audience and easy to understand, they are characterised by a low data-ink ratio [Tuf83] and thus are only suitable for visualizing highly aggregated data. Besides, pie charts are often criticised for causing difficulties in comparing proportions between categories and problems with scaling underlying values [Few07, WW05, Tuf83] .
Often the structure of categorical responses allows more sophisticated and data-rich visualization techniques. For instance, spatially tagged survey results are layered over conventional geographical maps, displayed on Choropleth maps or structured in a form of spatial treemaps [Uni13] . With the developing power of accessible and easy to use computer technologies different visualization techniques are more easily combined in an interactive environment, giving an opportunity to see collected survey results in multiple views and to interact with them [Off11, LSR10] .
A special case of categorical responses is the Likert scale [TW06] , used when the categories are ordinal. This type of scaling is widely applied for rating subjective opinion and is also used in this research. To visualize the spread between the categories, box plots or similar can be used instead of bar charts or in conjunction with them [TW06, WS12] .
Survey data are commonly visualized to summarise findings, while cleaning and processing are performed using statistical methods [Sap99] . However, analysis by means of visual exploration can be more suitable in cases where the nature of trends to be discovered are unknown at the point of analysis. This leads to a need to effectively represent larger volumes of data with sufficient fidelity and clarity to support decision making. We could not find the evidence of use of high-resolution visualization techniques such as sparklines [Tuf83] or glyphs [BN11] for exploring individual results in larger categorical surveys and so propose an alternative described here.
The Survey Response Glyph
When a survey comprises a set of subjects that are classified by respondents using a number of criteria, a single response may be described as an array of natural numbers. This array is a subset of a matrix with questions (criteria) in rows and answers (categories) in columns. A group of responses aggregates individual answers and can be presented as a table with their frequencies. Another characteristic may be introduced to show relationships between classifications: it counts frequencies of all possible matching pairs of answers. This may help to reveal common patterns in behaviour, which is useful for detecting insincerity (deliberate insertion of erroneous responses) [Ame07] and understanding opinions of participants about subjects. The total number of parameters describing a group increases exponentially as the answer space grows and can be reduced if only relationships between answers to neighbouring questions are considered. This still allows patterns in individual responses to be detected while excluded parameters may be brought back into the set by changing the order of questions.
The challenge is to represent all these parameters compactly in order to both evaluate them and to be able to visualize multiple groups of responses using juxtaposition for the purpose of comparison [GAW * 11].
Inspired by the successful use of glyphs in a wide range of fields [BN11, WHWC12, MRSS * 12, LKH09], we apply this technique to survey data analysis. A glyph 'is a small visual object that can be used independently and constructively to depict attributes of a data record or the composition of a set of data records' [BKC * 12]. A good overview of possible glyph designs can be found in [War02] and [War08] .
The concept of a survey response glyph. Rows correspond to survey questions and columns contain categories.
Each glyph is similar to a parallel coordinate plot (PCP) [ID90] 
Survey and Tool Design
The motivation for proposing response glyphs was to be able to analyse results of a survey we conducted into subjective photograph assessment. Volunteers were asked to assess a sample of 900 photographs in London collected from three data sources: Flickr, Panoramio and Geograph. We wished to canvas views on what types of images depict attractive walkable areas (Figure 3 ) in order to build a pedestrian routing system. Each participant was given a randomly ordered queue of images and was required to classify as many photographs as they wanted by seven criteria. In common with many survey designs, some questions were conditional on responses to previous questions, so the number of answers per photograph could vary between participants. Only responses with answers to all enabled questions were accepted; photographs could not be skipped. By the time the survey was closed in March 2013, it was viewed by 608 volunteers, 359 of whom classified at least one photograph excluding the test image used for learning purposes. We collected 8,434 responses enumerating 49,285 classifications; stratified sampling ensuring each photograph was rated by at least eight respondents.
There were two objectives in our processing of the responses. Firstly we wished to characterise the nature of the survey responses in order to remove erroneous or insincere entries. Secondly we wished to be able explore both respondents and the photographs being assessed in order to inform the process of automated selection of the photographs best suited to characterise urban attractiveness. In both cases, we did not know at the outset what types of survey response would characterise those we were most interested in so required a design that facilitated exploration.
Interface Design Principles
In constructing the exploration tool, we designed according to the following set of principles:
The data are the interface. We reinforce the link between data and interaction by making the elements that represent data also serve as the user interface. This reduces the need for separate buttons and menus which may cause clutter and decrease the data:ink ratio [Tuf83] . This was seen as particularly important for a design relying heavily on large numbers of glyphs with potentially complex structures.
Consistency of encoding.
We map visual encodings of data and interaction consistently across all linked views. This was seen as important where a new 'grammar' of encoding had to be learned to make best use of the glyph design.
Use of states.
Any change in the data view is considered as an action and can be stored, reverted or repeated. This was seen as important because quick and easy navigation between states eased comparison tasks as well as the process of early debugging and collaboration between analysts [WSD * 13].
Maximise use of layout. We use ordering of glyphs to carry additional information. Ordering (position) as visual variable has the advantage of not introducing visual clutter -an important consideration for comparatively complex glyphs shape.
Use of keyboard shortcuts. In keeping with the objective of removing visual clutter we make use of keyboard in preference to mouse interaction. This was considered more appropriate for an expert-oriented visual analytics application [Fry08] .
Transitions between views. We use smooth animated transitions between views where applicable in order to better resubmitted to Eurographics Conference on Visualization (EuroVis) (2014) veal the differences in the data or to track amendments in their representation [HR07] . This had the secondary benefit of an aesthetic appeal to support engagement with the data [CM07] . Figure 1 shows the result of the design arising from following these principles. All survey responses are grouped by both participants and subjects (photographs) and are shown on a single screen in two sortable lists with glyphs of maximum possible size. The height of both lists is customisable while the widths are fixed to be proportional to group sizes. An enlarged interactive version for one glyph from each list can be opened on demand to explore the details. The layout is supplemented with a preview for a selected photograph (if any) and a map showing spatial locations of all images.
Representation of Participants' Responses
Following recommendations described in Section 3, we constructed two survey response grids (Figure 4 ).
Although the maximum number of categories per question was five (see daytime), we limited the grid to four columns by merging twilight and hard to say responses due to their semantic similarity in the context of our analysis. Although the answers to all questions are not numeric scores, they can be still considered as ordinal; 'n. a.' being an exception (nominal value) and may be optionally highlighted to support glyph interpretation.
Having one response grid should be usually enough for Although there are fewer columns than rows, we choose to scale them to a square aspect ratio, resulting in a small horizontal stretching that eases discrimination between response patterns. This becomes less necessary when the semantic distance between categories is smaller. We set the opacity of the line representing a single response to be the minimum possible value that distinguished it from the background, 15% in our case. Because alpha composition is not linear [PD84] , this value allows us to differentiate between up to 10-20 responses stacked on top of each other by the brightness of the composite lines. The need to detect line brightness placed a limitation on the minimum line widththe antialising of thin lines interfered with the line opacity. Equally a maximum line width was imposed by the need to minimise overlapping areas at line intersections. We therefore scaled line width between these bounds according to the size of the glyph area being displayed.
Where lines show repeated similar responses made by participants (standard ordering), they became a useful indicator of possible response insincerity. If a survey participant clicked on all available controls at the same position, submitted to Eurographics Conference on Visualization (EuroVis) (2014) Alexander
for example in an attempt to skip through the questionnaire rapidly, their actions are represented as vertical lines, which become darker for persistent behaviour. The fact that in our survey the answer 'no' to the first question disabled the remaining ones allowed participants to proceed to subsequent photographs even faster, in only two clicks. Such behaviour was also easily detectable by examining the glyph patterns. Because six of seven questions become 'n.a.' when an image is classified as not a photograph, the response becomes depicted as a shape. A darker line with this shape is a clear indicator of unwanted behaviour that required removal from the sample. User 493 ( Figure 5) shows such an example of insincerity: after giving a few possibly considered responses, he or she answered 'hard to say' to all questions as a means of proceeding to the next photograph quickly.
The main advantage of the purpose-oriented ordering over the standard one was to support selection of the photographs most suited to characterising urban attractiveness. With a universal and straightforward rule, which in our case is 'the further from the left the less suitable', this glyph type allows immediate detection of whether the photograph is good for our research purpose and estimating the degree of its unsuitability. This is clearly demonstrated in Figure 5 (photos 385 and 516).
After doing a number of experiments with the design of the glyphs we have not found their further simplification possible. For instance, replacement of lines with a grid of cells coloured by the numbers of answers, or use of micro bar charts, would cause a significant reduction of information shown, in particular loss of links connecting matching frequencies of answers to neighbouring questions. Such glyph designs would be less useful for the exploratory analysis of the categorical survey data.
Time Scaling When the amount of time it takes a participant to complete all answers about each subject is recorded, it is possible to merge this response attribute into a glyph. This revealed participants that are unusually quick, and a comparison of the overall difficulty respondents had in classification of different photographs. We propose two glyph designs incorporating the duration of the responses (Figure 6 ). The first design was based on the idea of scaling lines vertically according to the response time of users to each question. The glyph in this case has similarities to the DriftWeed visual metaphor proposed by [RW00] . With a given time window t as a parameter the responses completed in t seconds have a height equal to a 100% of the glyph size, others are shorter or longer. When there are no data about how much time it takes a participant to move each control individually, the distortion of each shape is evenly distributed. This scaling reveals some expected patterns like the correlation between the number of available questions and the response duration. However the glyphs containing many responses become too cluttered and hard to interpret, so this does not provide a scalable solution.
The second design showed the durations of the responses with horizontal lines and thus displaying only one attribute per response in a glyph. In this case a baseline on top of the glyph may be added to serve as a zero reference point and being coloured differently to the responses. Despite the simplicity of the view it allows visual estimation of the complexity of the classification of the subjects and also the differences in the performance among the participants.
When an analyst is interested in the overall, mean, median, maximum or minimum response time for all responses in a group, a standard glyph may be combined with a coloured background encoding this attribute. As an alternative a coloured horizontal bar can be attached to the bottom of a glyph and encode the aggregated time parameter with length. Although the length is not preattentive as colour, it does allow more accurate comparison to be made [CM84] .
Interaction When the glyphs are drawn in a software environment, they can be made responsive to mouse hovers and clicks (Figure 7) . Mouse movements over the lines highlight the context and show additional information on demand. Clicking on a line in a glyph where the responses are grouped by subject may open the details of a corresponding person in the paired view; the opposite applies to the responses grouped by participants. If there is more than one participant or subject at a chosen edge or node, further clicking iterates through each of them allowing navigation to every entity linked to the glyph.
Animation To make the interchanges between glyphs smooth and clear, animated transitions between their states 6 Alexander Kachkaev, Jo Wood and Jason Dykes / Glyphs for Exploring Crowd-sourced Subjective Survey Classification [HR07] were added. This allowed tracking of individual responses when toggling between various glyph designs as well as whether different groups of responses shared the same subjects or participants.
Aggregated Lists of Responses
Because the glyphs are distinguishable even at small sizes, it is possible to display a large number of them on a single screen to aid comparison. Laying them out as a grid with cells of 20 by 20 pixels in row-prime order, similar neighbours may be compared while also scanning the list vertically for broader scale changes in response patterns. Expanding an item into a larger interactive glyph can be done by clicking on a glyph directly. Double clicking toggles between full and filtered grids; the filtered group excluding those responses previously rejected as insincere or though unavailability of a photograph. The maximum number of glyphs that can be displayed on a screen depends on the resolution, the amount of space left for bottom row with other data and also the proportion between counts of subjects and participants. For example, given a 17 ′′ /1,280×1,024 screen and 250 pixels in height for the bottom row, there is enough space for about 2,500 glyphs. Scroll bars are introduced if more space is required (Figure 1 ).
Placement plays an important role in analysis of data represented using glyphs [War02] , so we pay extra attention to this feature. We suggest using customisable multilevel sorting (Figure 8 ) by both variables derived from the responses and attributes of entities related to the groups. For instance, we sort both participants and subjects by the amount of agreement between the responses and adopt two statistical measures for this purpose: Fleiss' Kappa [FC73] and entropy [TW06] . Entropy was found to be more robust due to some limitations of the Fleiss' Kappa [Pow12] . To improve the reliability of 'agreement' we weight the values based on numbers of available categories in each question. For instance, in our particular case 'n. a.' in six out of seven answers in a single response does not add 'strength' to the agreement if the same response pattern is repeated, due to the conditional nature of the remaining questions being contingent on the first response being other than 'n.a.'. The meaning of the agreement between the responses is different for groups with participants and subjects. If a participant has too many answers with the same profile so that the measure of agreement is high, this is a sign of possible insincerity. Equally, a high value of agreement between the responses in a context of subjects is what researchers may be expecting from the survey results meaning that entities are easy to classify.
A useful sorting method for subjects is by their overall score if numeric values can be assigned to all categories in all questions, from which totals or mean values may be derived. We can do this for our survey when using the purposeoriented grid. With such sorting the photographs that describe attractive places for a leisure walking ( ) are gathered towards the beginning of the list, and the least appropriate ones ( ) are toward the end. Similar sorting can be done by scores for individual questions or groups of questions depending on the task. It is also possible to sort elements by frequencies of the same answers if sets of categories amongst all questions are equal. This may provide additional help in detecting insincerity. Placing similar elements next to each other simplifies the cognitive task. Searching for presence of differences between two subjects or estimating proportions of clusters of subjects becomes easier as identical glyphs form textures [War02] , the boundaries of which are quick to detect.
The number of sorting modes can be increased significantly depending on the dataset that is currently loaded into the system. Our case counts 9 and 28 sorting modes for the participants and subjects, respectively. Some of the orderings are dedicated to specific tasks. For instance, we sort photographs by location using the Treemap algorithm [EvKSS13] , greenness score, luminance derived from EXIF, timestamp, source, time from noon, etc.
The patterns of the responses are not the only characteristic of subjects and participants that can be visualized in the lists -a number of additional symbols may be used for other attributes of the data. If the chosen symbols do not interfere with the contents of the glyphs and are compatible with each other, they can be used simultaneously, increasing the richness of the visualization. For instance, we can combine glyphs with the colour of the item background to identify rejected participants and removed photographs (subjects). A bullet point can be added in middle of an item on demand if at least one response has not been given by a user due to a photo service API problem (i.e. when it was not possible to load a photograph, so it was skipped). If a problem takes place more than once, the mark becomes darker . Grey border shading can be used to highlight unchecked participants -those who are new or who have given more responses since the last confirmation of their validity. Enabling this border helps in searching for new instances of insincerity; in our survey analysis tool it is removed automatically after a participant is selected for two seconds or their status is set to 'rejected'. A black border is used to highlight the currently chosen element, linking the list with an enlarged interactive glyph below it. A grey border appears around a number of elements when corresponding participants or subjects are selected in another view. For instance, hovering over a set of responses in a currently shown subject glyph highlights all participants these responses are made by. Similarly, hovering over a user in the list on the left highlights all subjects he or she has contributed to and vice versa (Figure 9) .
We found replacing glyphs with a solid single-coloured fill useful for representing some values featuring each group (e.g. a number of completed responses ). Having various encodings for different attributes, we can toggle between them and the glyphs to get more knowledge about the data.
Response glyphs can be replaced with other types of glyphs featuring the subjects of a survey. For instance, in our research it was necessary to perform automated and manual face detection for each photograph in the sample and then to compare the output with the subjective data obtained from the participants. Using another design for the glyphs we could show areas marked as faces on all photographs in a very compact from:
. By ordering the subjects by the score on a question about faces and looking at these glyphs we could find the most appropriate face detection algorithm.
Finally, the glyphs can be converted into standard small multiples [Tuf83] and be used to, for instance, show the photographs themselves. This helped in navigating through the items when an analyst wished to return to the one recently viewed.
Some examples of visual representations and orderings for both participants and subjects are given in Figures 10 and 11. Although we cannot list all views and findings in the paper, we make the visualization available online for exploration: photoassessment.org/results.
Evaluation example: Measuring subject relevance
In order to evaluate our approach, we applied the idea of response glyphs to two other surveys with different structures. The first one [Zih13] is also related to photographs, but the images here were a bundled into groups of two to five, called queries that were examined by information retrieval domain experts. Participants were asked to classify each image as irrelevant, marginally relevant, fairly relevant or highly relevant to a defined subject. Each query contained a control photograph, which was not related to any subject by design.
The structure of this survey suggested using queries as subjects populating the rows of a response grid with photographs. Columns start with don't know (nominal value), followed by irrelevant -highly relevant (ordinal range). Thus, the size of the grid is from 2 × 5 to 5 × 5 (response lines are made shorter when needed). Figure 12 shows a screenshot of the adoption.
Visualising all 4,193 responses (19,931 answers to questions in total) allowed us to detect 34 individuals providing insincere responses among 332 participants; to evaluate the coverage of queries with answers and to explore diversity in opinion response. It confirmed the approach is still applicable to grids of five categories and ≈ 30 responses per subject. Different visual support for a glyph was also revealed: thin gridlines make it possible to decode positions of the bends as well as to distinguish between nominal and ordinal values. The implementation is available at ee1.photoassessment.org.
Evaluation example: Wikipedia Article Rankings
We also chose the anonymised dump of eleven million article ratings collected over one year (July 2011 -July 2012) from the English Wikipedia [Dat12] . This dataset was selected to examine the scalability of the approach. A corresponding form was deployed on 10% of articles, asking how a page was trustworthy, objective, complete and well-written [Med12] . Each parameter could be given a score from one to five (a typical Likert scale); it was allowed to skip some rankings. Such structure suggests a grid with five columns (the number of scores) and four rows (the number of dimensions); the sixth column may be prepended to show skipped rankings. The visualization of the responses for a random subset of 1,000 articles, where all four rankings a given, can be viewed at ee2.photoassessment.org. Figure 13 demonstrates some examples.
The purpose of this evaluation example was to identify the scalability of the glyph-based approach. When the distribution of responses by subjects is not balanced and the numbers differ significantly, glyphs with tens and hundreds of lines become overloaded, while the ones that contain only a few responses remain hardly seen. This may be partially compensated with normalisation of line opacity so that segments representing the same proportion of responses are depicted with similar brightness levels. Despite that normalisation still does not allow identification of individual response in glyphs with over 50 responses, common trends become salient. For example, a number of glyphs in this dataset can be characterised with two clear vertical lines on both sides. This suggests that responses are rather opposed: a significant proportion of readers find the same article extremely good or bad by all four parameters. This could not be observed if answers within responses were not linked -it would not be clear whether the majority of participants voting one star for objectiveness also vote one star for completeness. Adding incomplete responses to the glyphs demonstrates that it is not always possible to combine ordinal scale with a nominal value in the grid -too many line segments going to the edge of a glyph and then returning back to the middle of it clutter the view.
Conclusions
We found the combination of glyphs with parallel coordinate plots, linked views, interaction and animation a powerful instrument for navigating through the amounts of responses to some types of surveys. The visualization approach has helped us to conduct our own research, to clean the collected data and to test a number of task-specific hypotheses. A detailed look at all responses adds more confidence about the reliability of the survey results and also suggests possible solutions if there are any problems with some of them.
The same visualization tool can be applied for both looking at the collected data after the survey is complete and for supporting the process of its collection. When the visualization is supplemented with additional features and shows some parameters of the subjects of the research, it is possible to instantly compare them with the answers to the survey and to gain some insights (e.g. what spatial or temporal patterns exist in the data).
We identified a number of limitations with the approach. For instance, the glyphs inherit the scalability issues of parallel coordinate plots; it is not always possible to load the entire dataset into memory; the correct choice of the grid layout may be a challenge. We see a number of areas where future improvement can be made. For example, colour may be introduced into the glyphs to make it possible to distinguish between spikes related to different questions if such feature is needed (e.g. instead of ). The grid can be made more dynamic: columns and rows may become swappable on fly to make it easier to focus on answers to a particular question. Another depiction to the nominal value (usually meaning n.a.) may be applied -the edges sharing such answer may be represented with a thinner line rather than be diverted via an edge column on the grid. Varying widths of the lines can also be used in the larger versions of the glyphs to make nodes more distinguishable from links when multiple segments of one line often share the same angle. 'Gum' or 'weighted connections' techniques [Nag12] may be applied here. Additionally, responses within glyphs can be made filterable, for instance, to be able to reject only some of them when a participant starts behaving insincerely after giving a number of deliberate answers.
The source code of our implementation as well as the 'photo content assessment' survey dataset are open and free to use: github.com/kachkaev/survey-glyphs.
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